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FOREWORD 
There is no doubt tha t  atmospheric concentrations of C02 and o ther  
"greenhouse" gases have been increasing and will continue t o  do s o  fo r  t he  
next several  decades a t  least. Climate models predict  tha t  this will lead t o  a 
significant r i s e  in world temperatures,  particularly in polar regions, during 
the next 50 - 100 years .  However, t h e r e  is  uncertainty about t h e  timing and 
magnitude of the warming, as well as about the  s t ra tegies  tha t  ought t o  be  
adopted to  t r y  t o  r eve r se  the  t rend,  o r  at least t o  cope with it. 
This Working Pape r  by William Clark is a perceptive contribution t o  
these l a t t e r  policy questions. I t  was commissioned as a keynote presenta- 
tion at t he  WMO/UNEP/ICSU Assessment Conference on the Role of Carbon 
Dioxide and of o the r  Radiatively Active Constituents, in Climate Variations 
and Associated Impacts, t o  be held in Villach, Austria, 9 - 15 October, 1985. 
Dr. W.C. Clark w a s  Editor of the  widely acclaimed Carbon Diozide 
Review (Oxford University Press ,  1982). He came t o  IIASA in the  summer of 
1984 and is Leader of the  Pro jec t  on Ecologically Sustainable Development 
of t he  Biosphere. One of his special interests  is  the  search fo r  be t te r  
methods of applying incomplete scientific knowledge to  environmental policy 
formulation. In my view, Dr. Clark has been particularly successful in this 
paper  in providing a new perspective concerning the carbon dioxide issue. 
Dr. R.E. Munn 
Leader 
Environment Program 
IIASA 
Laxenburg, Austria 
iii 
TABLE OF COrSTEtSTS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .  INTRODUCTION , , I  
2 .  THE CARBON DIOXIDE QUESTION I N  ITS POLITICAL CONTEXTS ............... ..4 
Winners and l o s e r s  
Responses, no t  impacts 
Energy responses 
Energy s t r a t e g y  
Energy advocacy 
Quest ions of t i m i n g  
U n c e r t a i n t y  
Thresholds and s u r p r i s e s  
I n  summary 
3.  THE CARBON DIOXIDE QUESTION I N  ITS ENIJIRONMENTAL CONTEXTS.. ......... - 1 0  
An atmospher i c  examp 1 e  
Determinents  o f  atmospheric components 
Sources o f  change 
A  synopt i c  framework 
Column assessments 
Row assessments 
Expanding the framework 
4 .  SOCIAL RESPONSES: A FRAMEWORK FOR ENRICHING THE OFTIONS....... . . . . . .  15 
A Framework o f  Responses 
Goals o f  Soc ia l  Response: A l t e r i n g  Produc t ion  
Opt i  ons f o r  energr  management 
Opt i ons f o r  1 and management 
Opt ions f o r  ocean management 
Opt ions  f o r  managing r e l a t e d  environmental  c o n s t a i n t s  
Goal s  o f  Soc i a1 Response : Recover i  ng Re1 eases 
Opt ions f o r  energr  management 
Opt ions f o r  l a n d  management 
Opt ions f o r  ocean management 
Opt ions f o r  managing r e l a t e d  environment components 
Goals o f  Soc ia l  Response: M o d i f y i n g  the Environment 
Opt ions f o r  managing the thermal r a d i a t i o n  budget 
Opt ions f o r  managing water  
Opt ions f o r  managing o ther  env i ronmenta l  components 
Goals o f  Soc ia l  Response: Adapt ing  t o  Change 
Opt ions f o r  adap t i ng  a g r i c u l t u r e  
Opt ions f o r  adap t i ng  h a b i t a t i o n  
Opt ions f o r  adap t i ng  i n  o ther  ways 
5. ASSESSING RESPONSE OPTIONS: A  SCALE PERSPECTIUE.....................25 
Dimens ions  o f  Assessment 
A  Sca le  P e r s p e c t i v e  
S c a l e s  o f  E n v i r o n m e n t a l  V a r i a t i o n  
Time S c a l e s  o f  E c o l o g i c a l  and S o c i a l  P rocesses  
Space S c a l e s  o f  E c o l o g i c a l  and S o c i a l  P a t t e r n s  
S c a l e s  o f  I n t e r a c t  i o n  
I n t e r a c t i o n s  f r o m  a  Temporal  P e r s p e c t i v e  
I n t e r a c t i o n s  f r o m  a  S p a t i a l  P e r s p e c t i v e  
C o n c l u d i n g  Remarks 
6.  PROSPECTS FOR USABLE KNOWLEDGE.............,............ . . . . . . . . . . . . .  36 
A  Ques t i on  o f  R i s k  Assessment 
S c i e n t i f i c  u n c e r t a i n t i e s  i n  t he  ca rbon  d j o x i d e  q u e s t i o n  
The r e l a t i v e  r i s k s  o f  response o p t  i o n s  
Changing F r e q u e n c i e s  o f  Extreme Env i ronmen ts  
Ex t remes i n  t ime  
Means and h i g h e r  moments 
The p r o b a b i l i t y  o f  exceed ing  a r b i t r a r y  v a l u e s  
T h r e s h o l d s  and n o n l i n e a r  impac ts  
M u l t i p l e  e q u i l i b r i a  
Ex t remes i n  space 
P o l i c y  E x e r c i s e s :  L e a r n i n g  t o  Cope w i t h  t h e  Carbon D i o x i d e  Q u e s t i o n  
The need f o r  p r a c t i c e  
Pol  i t i  c a l  e x e r c  i ses  and gaming 
F u t u r e  h i s t o r i e s  o f  t h e  carbon d i o x i d e  q u e s t i o n  
I n  c o n c l u s i o n  
NOTES... ......................................... . . . . . . . . . . . . . . . . . . . . . . . .  47 
ACKNOWLEDGEMENTS 
The r e s e a r c h  f o r  t h i s  paper was conducted j o i n t l y  w i t h  Anna C l a r k .  Serge i  
P i t rovanov  p r o v i d e d  v a l u a b l e  a s s i s t a n c e  i n  i d e n t i f y i n g  and t r a n s l a t i n g  the  
Russian language l i t e r a t u r e  c i t e d  i n  s e c t i o n  2 .  V a l u a b l e  comments and 
suggest ions were c o n t r i b u t e d  by T .  C a r t e r ,  J. Dooge, R .  Munn, M. P e r r y ,  and P.  
Usher .  
vii 
1 .  I n t r o d u c t i o n  
Questions r a i s e d  by the i nc reas ing  atmospheric concen t ra t i on  o f  carbon d i o x i d e  
have been i n t e n s e l y  s t u d i e d  over the l a s t  decade. Several  recen t  r e p o r t s  have 
summarized the s c i e n t i f i c  f i n d i n g s  o f  t h i s  work. The ques t i on  remains, 
So what? What are the p r a c t i c a l  i m p l i c a t i o n s  f o r  people? 
T h i s  paper seeks t o  develop a  use fu l  framework f o r  r e f l e c t i n g  on how answers t o  
the "So what?" ques t ion  migh t  look ,  and on how we might  go about g e t t i n g  them. 
I t  does no t  a t tempt  t o  p rov ide  the answers themselves, nor t o  summarize the 
answers t h a t  o t h e r s  have g iven .  
Some j u s t i f i c a t i o n  f o r  t h i s  approach i s  warrented.  P o l i c y  makers and people i n  
general  have become i n c r e a s i n g l y  impat ien t  w i t h  a  s c i e n t i f i c  community t h a t  
always seems w i l l i n g  t o  r a i s e  p o s s i b i l i t i e s  o f  t e r r i f y i n g  t h i n g s  t h a t  m igh t  go 
wrong, bu t  never seems w i l l i n g  t o  commit i t s e l f  on how s e r i o u s l y  the 
p o s s i b i l i t i e s  shou ld  be taken, o r  on what a c t i o n  they r e q u i r e .  Why shouldn ' t  
t h i s  essay, or i d e a l l y  some o f f i c i a l  document, f i n a l l y  a t tempt  a  "bot tom l i n e "  
assessment of the p r a c t i c a l  i m p l i c a t i o n s  o f  the carbon d i o x i d e  ques t ion?  Can 
general  frameworks o f  the s o r t  proposed here r e a l  1 y  p rov ide  a  more use fu l  
approach? 
My own response t o  t h i s  cha l lenge  i s  based on f o u r  fundamental c h a r a c t e r i s t i c s  
t h a t  s tand  out i n  r ecen t  rev iews  o f  the carbon d i o x i d e  ques t i on  ( 1 ) :  
* The carbon d i o x i d e  issue i s  s i m u l t a n e o u s l ~  l o c a l  and s l o b a l .  A l l  
c o u n t r i e s  o f  the e a r t h  a re  p o t e n t i a l l y  a f f e c t e d  by carbon d i o x i d e -  r e l a t e d  
environmental  changes; no coun t r y  can do much u n i l a t e r a l l y  t o  f o r s t a l l  those 
changes. The na tu re ,  s e v e r i t y  and pe rcep t i on  of  carbon d iox ide -  r e l a t e d  
impacts w i l l  nonetheless d i f f e r  g r e a t l y  among peoples and p laces .  A  u s e f u l  
d i scuss ion  o f  the p r a c t i c a l  i m p l i c a t i o n s  o f  the carbon d i o x i d e  ques t i on  must 
serve these d i f f e r i n g  l o c a l  and n a t i o n a l  pe rcep t i ons  o f  an i n t r i n s i c a l l y  g l oba l  
phenomenon. 
* The environmental  changes r e l a t e d  t o  carbon d i o x i d e  w i l l  take p lace  over 
decades and c e n t u r i e s .  The w o r l d  and i t s  environment can be expected t o  change 
d r a m a t i c a l l y  over such pe r i ods ,  s i g n i f i c a n t l y  a l t e r i n g  the con tex t  w i t h i n  which 
carbon d iox ide -  r e l a t e d  changes w i l l  be exper ienced and s o c i a l  responses w i l l  
be assessed. A l so ,  s o c i a l  va lues  a re  c e r t a i n  t o  change. A use fu l  d i scuss ion  
o f  p r a c t i c a l  i m p l i c a t i o n s  o f  the  carbon d i o x i d e  ques t i on  must contend w i t h  
those long- term background changes. 
* Poss ib le  causes and e f f e c t s  o f  carbon d i o x i d e -  r e l a t e d  c h a n ~ e s  are 
i n t i m a t e l y  l i n k e d  t o  o the r  problems o f  energy, a g r i c u l t u r e ,  p o p u l a t i o n  and 
environment,  The l i nkages  a re  p h y s i c a l ,  b i o l o g i c a l ,  economic and p o l i t i c a l .  
A c t i o n  taken on o the r  problems l i k e  a c i d  r a i n  w i l l  reshape the carbon d i o x i d e  
ques t ion ;  a c t i o n s  taken on carbon d i o x i d e  w i l l  a f f e c t  those o the r  problems i n  
t u r n .  The p r a c t i c a l  i m p l i c a t i o n s  o f  the carbon d i o x i d e  ques t i on  cannot 
u s e f u l l y  be addressed w i t h o u t  account ing  f o r  l i n k a g e s  t o  r e l a t e d  problems and 
t h e i r  s o l u t i o n s .  
* F i n a l l y ,  u n c e r t a i n t y  dominates every aspect o f  the carbon d i o x i d e  
aues t ion ,  f rom emiss ion r a t e s  through environmental  consequences t o  
socioeconomic impacts themselves. Assesments  t h a t  do no t  address these 
fundamental u n c e r t a i n t i e s  w i l l  be ex t reme ly  m is l ead ing .  Useful  p o l i c y  analyses 
must f i n d  wars o f  c h a r a c t e r i z i n g  the i m p l i c a t i o n s  o f  our incomplete s c i e n t i f i c  
knowledge. They must h i g h l i g h t  the imposs ib le  and b a r e l y  p o s s i b l e  as w e l l  as 
the most probable impacts o f  the i nc reas ing  concen t ra t i on  o f  atmospheric carbon 
d i o x i d e .  
'The" carbon d i o x i d e  problem has much i n  common w i t h  o the r  grand concerns l i k e  
" t h e "  p o p u l a t i o n  problem or  " t he "  problem o f  economic development. Such 
m u l t i f a c e t e d ,  complex problems can be b e t t e r  descr ibed  as "messes". Experience 
w i t h  messes suggests  t h a t  any at tempt  t o  r e s o l v e  them w i l l  be f u t i l e  i f  i t  
presumes the ex i s tence  o f  a  few key ' dec i s i ons "  o r  " d e c i s i o n  makersw ( 2 ) .  L i k e  
the popu la t i on  and development messes, carbon d i o x i d e  w i l l  have d i f f e r e n t  
p r a c t i c a l  i m p l i c a t i o n s  f o r  d i f f e r e n t  s e c t o r s  o f  the  economy, d i f f e r e n t  na t i ons ,  
and d i f f e r e n t  genera t ions .  Each o f  these w i l l  make i t s  own i n t e r p r e t a t i o n  o f  
cos t s ,  b e n e f i t s ,  u n c e r t a i n t i e s  and s u i t a b l e  responses. Most o f  whatever s o c i a l  
responses do occur w i l l  c o n s i s t  o f  each group's incrementa l  ad justments  t o  i t s  
own ongoing a c t i v i t i e s ,  taken i n  the con tex t  o f  i t s  own agenda o f  o the r  
problems and s o l u t i o n s .  I n  such a  r e a l  w o r l d  mess o f  m u l t i p l e  a c t o r s  and 
a c t i o n s ,  no-one's needs w i l l  be served by s i n g l e  "bo t tom l i n e "  assessments t h a t  
p u r p o r t  t o  speak f o r  a1 1 people and a1 1 t imes.  
More use fu l  would be a  s e t  o f  e f f e c t i v e  t o o l s  and approaches t h a t  i n d i v i d u a l  
n a t i o n s  and i n t e r e s t  groups cou ld  employ i n  cop ing  w i t h  the p r a c t i c a l  
i m p l i c a t i o n s  t h a t  the carbon d i o x i d e  ques t ion  m igh t  h o l d  f o r  them (31 ,  
Col l a b o r a t  ive use o f  the t o o l s  t o  shape r e g i o n a l  o r  even g loba l  responses would 
be poss ib l e ,  bu t  independent l o c a l  responses would be fac i 1 i  t a t e d  as we1 1 . The 
t o o l s  most needed would he lp  t o  shape incomplete s c i e n t i f i c  unders tand ing  so 
t h a t  i t  can be c r i t i c a l l y  a p p l i e d  i n  the c o n s t r u c t i o n  o f  app rop r i a te  s o c i a l  
responses. They would be use fu l  f o r  expanding the convent iona l  menu o f  
poss ib l e  s o c i a l  responses and f o r  c h a r a c t e r i z i n g  t h e i r  r e s p e c t i v e  s t r e n g t h s  and 
l i m i t a t i o n s .  They would p rov ide  means o f  address ing,  i f  n o t  r e s o l v i n g ,  each 
o f  the fundamental c h a r a c t e r i s t i c s  o f  the carbon d i o x i d e  ques t i on  l i s t e d  above, 
I d e a l l y ,  the t o o l s  cou ld  a l s o  be used t o  f ash ion  a  commonly accepted, 
r e l a t i v e l y  unbiased pe rspec t i ve  f rom which the d i f f e r e n t  i n t e r e s t s  i n  the 
carbon d i o x i d e  debate would b e t t e r  comprehend each o the rs "  concerns and 
p r e f e r r e d  ac t  ions .  
Several r ecen t  s t u d i e s  have begun t o  c o n s t r u c t  impor tan t  components o f  the se t  
of t o o l  needed f o r  cop ing  w i t h  p r a c t i c a l  i m p l i c a t i o n s  o f  the carbon d i o x i d e  
ques t ion .  Much o f  the most s i g n i f i c a n t  r ecen t  work i s  drawn toge ther  i n  a  
r e p o r t  by the S c i e n t i f i c  Committee on Problems o f  the  Environment CSCCIPE) on 
Improv inq the Science of  Cl imate Impact Assessment (Kates e t  a l . ,  1985).  The 
SCOPE s tudy  rev iews  the s t r eng ths ,  weaknesses, and accomplishments o f  a  wide 
range o f  approaches t o  understanding the i m p l i c a t i o n s  o f  c l i m a t e  v a r i a t i o n  and 
change f o r  s o c i e t y .  The reader  i n  search of  a  reasonab ly  comprehensive 
b i b l i o g r a p h y  o f  r e l e v a n t  c l i m a t e  work would do w e l l  t o  s t a r t  w i t h  t h i s  s tudy .  
An even f u l l e r  computer ized b i b l i o g r a p h y  i s  be ing  prepared by R .  War r i ck  ( 4 ) .  
For the non- c l i m a t i c  aspects  o f  the carbon d i o x i d e  ques t i on ,  no comparable 
t o o l  k i t  e x i s t s .  A  good rev iew o f  the most u s e f u l  methods f o r  general  
environmental  impact assessment and management i s  g iven  by Beanlands and 
Du i nker ( 1983) . 
Despi te  some g r a t i f y i n g  progress,  however, the t o o l  k i t  needed f o r  s o c i e t i e s  t o  
cope e f f e c t i v e l y  w i t h  the carbon d i o x i d e  ques t ion  i s  f a r  from complete.  For 
example, even the bes t  p o l i c y  analyses and assessments have tended t o  take 
t h e i r  ques t ions  f rom the immediate concerns o f  n a t u r a l  s c i e n t i s t s  s t u d y i n g  
carbon d i o x i d e ,  and t o  concen t ra te  on p r o v i d i n g  answers. But as Thomas 
S c h e l l i n g  ( 1 9 8 3 )  has shown i n  the most pe rcep t i ve  t reatment  y e t  w r i t t e n  on 
s o c i a l  i m p l i c a t i o n s  o f  the carbon d i o x i d e  ques t ion ,  t h i s  approach leaves  many 
of the most p r a c t i c a l l y  r e l e v a n t  ques t i ons  un fo rmu la ted  and uns tud ied .  M i s s i n g  
are the broader pe rspec t i ves  t h a t  cou ld  he lp  t o  l o c a t e  the carbon d i o x i d e  
ques t ion  w i t h i n  the con tex t  o f  r e l a t e d  economic t rends ,  p o l i t i c a l  agendas, and 
environmental  problems. I t  i s  these con tex tua l  issues t h a t  w i l l  bo th  shape 
impacts o f  carbon d iox ide -  r e l a t e d  environmental  changes on s o c i e t i e s ,  and 
p rov ide  s o c i e t i e s  w i t h  t h e i r  o p t i o n s  f o r  d e a l i n g  w i t h  those impacts.  T h i s  
paper a t tempts  t o  c h a r a c t e r i z e  some o f  the m i s s i n g  pe rspec t i ves  and t o  p rov ide  
some o f  the t o o l s  needed f o r  work ing  w i t h  them. 
We have heard much i n  r ecen t  years  o f  what s c i e n t i s t s  want t o  know about the 
carbon d i o x i d e  ques t ion .  The agenda f o r  bas ic  research  seems w e l l  i n  hand. 
Less c l e a r ,  however, i s  what p o l i c y  makers and p u b l i c s  want t o  know, and the 
ex ten t  t o  which t h e i r  needs w i l l  be met by the bas i c  research  agenda. I n  t h i s  
essay I w i l l  a t tempt  t o  complement e x i s t i n g  s c i e n t i f i c  pe rspec t i ves  w i t h  one 
t h a t  s t a r t s  f rom a  p o l i t i c a l  v i ewpo in t .  One o f  my p r imary  goa l s  w i l l  be t o  
cha rac te r i ze  changes i n  p resen t  programs o f  s c i e n t i f i c  research  and p o l i c y  
a n a l y s i s  t h a t  w i l l  be r e q u i r e d  i f  more use fu l  answers t o  the p o l i t i c a l  
ques t ions  are t o  be p rov ided .  Sec t ion  2 t h e r e f o r e  exp lo res  how we migh t  conre 
b e t t e r  t o  understand the r e l e v a n t  p o l i t i c a l  c o n t e x t s  o f  the carbon d i o x i d e  
ques t ion :  How i s  carbon d i o x i d e  l i n k e d  t o  o the r  problems and s o l u t i o n s  on the 
p o l i t i c a l  agenda? Sec t ion  3 at tempts  an analogous t reatment  o f  the 
environmental  con tex t :  How i s  carbon d i o x i d e  l i n k e d  t o  o the r  environmental  
problems, p r o p e r t i e s ,  and p o l i c i e s ?  Sec t ion  4 o u t l i n e s  p o s s i b l e  s o c i a l  
responses t h a t  cou ld  s i g n i f i c a n t l y  a l t e r  the p r a c t i c a l  i m p l i c a t i o n s  o f  the 
carbon d i o x i d e  ques t ion :  What a re  the o p t i o n s  f o r  a c t i o n ?  Sec t ion  5 sketches a  
framework f o r  assess ing the l i k e l y  e f f e c t i v e n e s s  and l i m i t a t i o n s  o f  those 
responses, u s i n g  knowledge o f  c h a r a c t e r i s t i c  t ime and space sca les .  Sec t ion  6 
proposes severa l  areas f o r  f u t u r e  work t h a t  m igh t  s i g n i f i c a n t l y  improve 
s o c i e t i e s '  a b i l i t i e s  t o  make app rop r i a te  responses t o  the carbon d i o x i d e  
quest ion .  

















































































